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'XULQJ SODQQHG SHULRGLF RXWDJHV D VHOHFWLRQ RI IXHO FKDQQHOV ZLWKLQ WKH 8. IOHHW RI
$GYDQFHG *DVFRROHG 5HDFWRU $*5 FRUHV DUH LQVSHFWHG XVLQJ VSHFLDOLVW WRROV ZKLFK UHFRUG
YLGHR IRRWDJH DQG RWKHU VHQVRU\ GDWD IRU HDFK FKDQQHO ZKLFK XQGHUJRHV LQVSHFWLRQ &XUUHQW
YLVXDOL]DWLRQ WHFKQLTXHV FRPSULVH RI PDQXDOO\ SURGXFHG PRQWDJHV E\ LQVSHFWLRQ HQJLQHHUV RI
SRLQWV RI LQWHUHVW LH VWUXFWXUDO GHIHFWV DQG ' SDQRUDPLF LPDJHV RI WKH IXHO FKDQQHOV
DXWRPDWLFDOO\SURGXFHGXVLQJEHVSRNHLPDJHVWLWFKLQJVRIWZDUH%RWKWHFKQLTXHVKRZHYHUSURYLGH





ZKLFK DLPV WR REWDLQ ' LQIRUPDWLRQ E\ H[SORLWLQJ LPDJH FRUUHVSRQGHQFHV DFURVV PXOWLSOH
YLHZSRLQWV RI WKH VDPH VFHQH LQ WKH 59, IRRWDJH 7KLV SDSHU LQYHVWLJDWHV WKH GLIILFXOWLHV RI




:LWKLQ WKH 8. WKHUH H[LVWV D IOHHW RI VHYHQ $GYDQFHG *DVFRROHG 5HDFWRUV $*5 ZKLFK DUH
DSSURDFKLQJRUKDYH H[FHHGHG WKHLU RULJLQDO FRQVHUYDWLYHGHVLJQ OLIHWLPHHVWLPDWLRQV$VD UHVXOW LW LV
LPSRUWDQWWRULJRURXVO\LQVSHFWDQGPRQLWRUWKHFRQGLWLRQRIFRPSRQHQWVZKLFKFRQWULEXWHWRWKHGHVLJQ
OLIHWLPH OLPLWDWLRQ 2QH RI WKH PDMRU OLIHOLPLWLQJ FRPSRQHQWV ZLWKLQ WKH$*5 GHVLJQ LV WKH JUDSKLWH
UHDFWRU FRUH 7KH JUDSKLWH FRUH LV FRPSULVHG RI D VL[WHHQ VLGHG ODWWLFH VWUXFWXUH RI LQWHUFRQQHFWHG
F\OLQGULFDOJUDSKLWHEULFNVZKLFKDFFRPPRGDWHIXHODQGVXSHUKHDWKLJKSUHVVXUHFDUERQGLR[LGHFRRODQW
JDV XVLQJ D VXVWDLQHG FRQWUROOHG QXFOHDU UHDFWLRQ *UDGXDOO\ IDVW QHXWURQ LUUDGLDWLRQ DQG UDGLRO\WLF






7R YLVXDOO\ DVVHVV WKH UHDFWRUV¶ RSHUDWLRQDO GHJUDGDWLRQ 5HPRWH 9LVXDO ,QVSHFWLRQ 59, FROOHFWV
YLGHRIRRWDJHZKLOVWWKHUHDFWRULVWHPSRUDULO\VKXWGRZQIRUSHULRGLFH[DPLQDWLRQ'XULQJLQVSHFWLRQWKH
IXHOLVH[WUDFWHGIURPWKHFKDQQHOVDQGLQVSHFWLRQHQJLQHHUVHYDOXDWHHDFKSUHVHOHFWHGIXHOFKDQQHOXVLQJ








FRPSOHWH WKH 59, GDWD LV IXUWKHU DQDO\VHG XVLQJ LPDJH PRQWDJHV RI WKH UHJLRQV RI LQWHUHVW 7KLV LV
SHUIRUPHGPDQXDOO\IURPDGGLWLRQDOIRRWDJHZKLFKIXUWKHUREVHUYHVGHIHFWVRIWHQWHUPHGFUDFNIROORZLQJ







FKDQQHO LQWHULRUZKLFKDFFHOHUDWHG WKLVSURFHVVGUDPDWLFDOO\ZKLOVWJLYLQJD IXOO SDQRUDPLFYLHZRI WKH
IXHOFKDQQHOV,Q>@WKHQH[WORJLFDOVWHSRIYLVXDOL]DWLRQRIWKHIXHOFKDQQHOVZDVREVHUYHGE\LQIHUULQJ
GHSWKLQIRUPDWLRQWKURXJKWKHXVHRIDSLYRWYLGHRWRLOOXVWUDWHWKHXVHIXOQHVVRI'YLVXDOL]DWLRQZLWKLQ






WR$*5LQVSHFWLRQIRRWDJH WKDWDLPV WRH[WUDFWDFFXUDWH'GHSWK LQIRUPDWLRQIURPFDSWXUHG'59,
IRRWDJH7KHSDSHUKLJKOLJKWV WKHGLIILFXOWLHVWKDWPXVWEHRYHUFRPHWRIDFLOLWDWHWKHH[WUDFWLRQRIGHSWK
IURP KLVWRULFDO 59, IRRWDJH LQ 6HFWLRQ  ZLWK HPSKDVLV RQ WKH FKDOOHQJHV DVVRFLDWHG ZLWK IHDWXUH














RYHUODSSLQJ YLHZSRLQWV RI WKH VDPH REMHFWVFHQH WKHQ HVWLPDWHV WKH ' SRLQW ORFDWLRQV XVLQJ UREXVW










VDPH REMHFW RU VFHQH IURP GLIIHUHQW YDQWDJH SRLQWV 'LUHFW DSSURDFKHV ZKLFK RSHUDWH RQ HYHU\ SL[HO
ZLWKLQDOOLPDJHVDUHFRPSXWDWLRQDOO\FRPSOH[WKHUHIRUHIHDWXUHH[WUDFWLRQLVGHSOR\HGXVLQJWHFKQLTXHV
VXFK DV WKH 6FDOH ,QYDULDQW )HDWXUH7UDQVIRUP 6,)7 >@ WR SURGXFH DQ DEVWUDFW VHW RI GLVFULPLQDWLYH
SRLQWV LQ WKH IRUP RI D IHDWXUH GHVFULSWRU (DFK GHVFULSWRU FRQWDLQV FKDUDFWHULVWLFV SHUWDLQLQJ WR WKH
QHLJKERULQJSL[HOVDURXQGHDFKSRLQWLQWKHH[WUDFWHGVHWZKLFKDUHLQYDULDQWWRUDGLRPHWULFRUJHRPHWULF




VHDUFKLQJ SURFHVV DV DQ LQSXW 7KHUH DUH WKUHH GLIIHUHQW DSSURDFKHV WR UHFRQVWUXFWLRQ  ,QFUHPHQWDO
ZKLFKVWDUWVIURPDYLHZSDLUZKLFKKDYHDVWURQJFRUUHVSRQGHQFH WKHQLWHUDWLYHO\EXLOGV WKHPRGHO
*OREDO ZKLFK FRQVLGHUV DOO FRUUHVSRQGHQFHV GXULQJ UHFRQVWUXFWLRQ  +LHUDUFKLFDO ZKLFK EUHDNV WKH
UHFRQVWUXFWLRQ SUREOHP LQWR VXEVHWV ZKLFK DUH WKHQ LQWHJUDWHG LQWR D VLQJXODU JOREDO PRGHO $OO
WHFKQLTXHVVLPXOWDQHRXVO\VROYHIRUDVSDUVH'UHSUHVHQWDWLRQRIWKHREVHUYHGREMHFWRUVFHQHDVDVHWRI







VSDUVH UHFRQVWUXFWLRQV FDQ WKHQ EH WKHEDVLV RI GHQVH UHFRQVWUXFWLRQV XVLQJ 0XOWL9LHZ 6WHUHR 096





LPDJH FDSWXUH SURFHVV UHTXLUHV FRQVLVWHQF\ LQ LOOXPLQDWLRQ VXEVWDQWLDO DUHDV RI XQLTXH GLVFULPLQDWLYH
WH[WXUHLQDGGLWLRQWRDKLJKGHJUHHRIRYHUODSIURPGLIIHULQJYLHZSRLQWV7KHLQVSHFWLRQIRRWDJHREWDLQHG
ZLWKLQWKH$*5IXHOFKDQQHOVKRZHYHUSUHVHQWVDQXPEHURIFKDOOHQJHV
x &DPHUD FDOLEUDWLRQ SDUDPHWHUV DUH QRW DEOH WR EH FDSWXUHG ZKLFK FRPSOLFDWHV WKH UHFRQVWUXFWLRQ
SURFHVVDVFDOLEUDWLRQGHVFULEHVWKHPDSSLQJEHWZHHQZRUOGFDPHUDDQGLPDJHFRRUGLQDWHV\VWHPV
x 1RQXQLIRUP LOOXPLQDWLRQ ZLWKLQ PRVW UHFRUGLQJV GXH WR LQVSHFWLRQ HQJLQHHUV HQJDJLQJ ZLWK WKH
LQVSHFWLRQ WRRO 7KLV FKDQJHV WKH XQGHUO\LQJ SK\VLFDO SURSHUWLHV RI WKH IHDWXUHV DQG PDNHV WKHP
UDGLRPHWULFDOO\GLVVLPLODUDQGWKHUHIRUHH[WUHPHO\GLIILFXOWWRFRQVLVWHQWO\PDWFK
x 7KH WH[WXUH RI WKH$*5 IXHO FKDQQHO LQWHULRU LV UHSHWLWLYH DV WKH VDPH JUDSKLWH EULFN GHVLJQ LV






DGGHG FRVW RI FHUWLILFDWLRQ IRU XVH LQ D QXFOHDU DSSOLFDWLRQ 7KLV KLJKOLJKWV WKH QHHG IRU D EHVSRNH
IUDPHZRUN WR FLUFXPYHQW LVVXHV LQWURGXFHG E\ WKH FDSWXUH SURFHVV ZKLFK PDNHV LW XQVXLWDEOH IRU '
UHFRQVWUXFWLRQ7RKLJKOLJKWWKHDSSOLFDWLRQVSHFLILFFKDOOHQJHVZKLFKDUHLQWURGXFHGZKHQDSSO\LQJ6I0
WRLQVSHFWLRQIRRWDJHH[SHULPHQWDWLRQZDVSHUIRUPHGXVLQJDQXPEHURIVWDWHRIWKHDUW6I0IUDPHZRUNV
VXFKDV&2/0$3%XQGOHUDQG9LVXDO6)0 >@WKDWSURYLGH WKHHQWLUH UHFRQVWUXFWLRQIXQFWLRQDOLW\
YLVXDOL]HGLQ)LJDVDPLQLPXPUHTXLUHPHQW
7KH H[SHULPHQWDWLRQ SURFHVV FRQVLVWHG RI PDQXDOO\ VSOLWWLQJ WKH LQVSHFWLRQ YLGHR LQWR VXEVHWV RI
LPDJHV ZKLFK FRUUHVSRQG WR HDFK LQVSHFWHG RULHQWDWLRQ ZKLOVW GLVUHJDUGLQJ IRUZDUG IDFLQJ FDPHUD DQG
FUDFN IROORZLQJ IRRWDJH $ W\SLFDO IXOO FKDQQHO VFDQ DW HDFK VHW RULHQWDWLRQ
 ? ?ǡ  ? ? ?ǡ  ? ? ? ?ǡ   ? ? ?ǡ  ? ? ?ǡ   ? ? ? FRQVLVWV RI DSSUR[LPDWHO\  LPDJHV ZKLFK ZDV WKHQ IHG LQWR WKH
WHVWHG UHFRQVWUXFWLRQ IUDPHZRUNV +RZHYHU DOO UHFRQVWUXFWLRQ IUDPHZRUNV IDLOHG WR SURGXFH DQ\






ZDV XVHG >@ IRU IHDWXUH H[WUDFWLRQ 7KH IHDWXUH PDWFKLQJ SURFHVV ZDV SHUIRUPHG LQ D FRQVWUDLQHG
VHTXHQWLDO PDQQHU ZKHUH DQ LPDJH FRXOG RQO\ EH PDWFKHG WR  VXEVHTXHQW IUDPHV WR VXSSUHVV WKH
LOOXPLQDWLRQ GLIIHUHQFH LQ IHDWXUHV EHWZHHQ WKH WRS DQG ERWWRP RI WKH LPDJHV DV VHHQ LQ )LJE DQG







DEXQGDQFHRIGLVFULPLQDWLYH IHDWXUHV+RZHYHU WKLV GRHVQRW WUDQVODWH WRRWKHUEULFN OD\HUVZKHUH LW LV
UHSHWLWLYHDQGIHDWXUHSRRUDQGDVDUHVXOWFDXVHVQRWRQO\9LVXDO6)0EXWDOORWKHUWHVWHGIUDPHZRUNVDW
WKHIHDWXUHPDWFKLQJWRIDLOGXHWRWKHODFNRIUREXVWIHDWXUHPDWFKHV$WWKHUHFRQVWUXFWLRQVWDJHZLWKLQ
WKH UHJLRQ VKRZQ E\ )LJD WKH UHVXOWLQJ UHFRQVWUXFWLRQ LV HUURQHRXVO\ EHQGLQJ EDFNZDUGV DQG WKH
UHDVRQIRUWKLVLVGXHWRWKHFKDQJHLQLOOXPLQDWLRQDVWKHFDPHUDHQWHUVWKHILUVWEULFNOD\HURIWKHFKDQQHO




RI XQLIRUP LOOXPLQDWLRQ GXULQJ WKH LPDJH FDSWXUH SURFHVV $QRWKHU LVVXH WKURXJK WKH GHSOR\PHQW RI
LQFUHPHQWDO UHFRQVWUXFWLRQ LV ZKHQ WKH IRRWDJH IURP PXOWLSOH EULFNV DUH LQFOXGHG WKH UHFRQVWUXFWLRQ
SURFHVV ZLOO LGHQWLI\ WKHP DV WKH VDPH UHFXUULQJ EULFN LQVWHDG RI XQLTXH LQGLYLGXDO OD\HUV ZKLFK DUH
VWDFNHG RQ WRS RI HDFK RWKHU DQG WKLVKLJKOLJKWV WKH LQFRPSDWLELOLW\ RI LQFUHPHQWDO UHFRQVWUXFWLRQ7KH











SUHGHILQHGFKDOOHQJHV VXFK DV WKH LQKHUHQWO\ UHSHWLWLYH QDWXUH RI WKH FKDQQHO LQWHULRU FRXSOHG ZLWK ORZ
UHVROXWLRQIRRWDJHPDQ\IHDWXUHGHVFULSWRUVDUHHUURQHRXVO\PDWFKHGWRJHWKHUGXHWRWKHXQLIRUPLW\RIWKH
GHWHFWHG IHDWXUHV 7KHUHIRUH WKUHH GLIIHUHQW DSSURDFKHV ZKLFK FRXOG EH XVHG WR LPSURYH RU DVVLVW WKH









,QHUWLDO 0HDVXUHPHQW 8QLW ,08 WKHQ WKH PDWFKLQJ SURFHVV ZRXOG EH VLPSOLILHG +RZHYHU GXULQJ
LQVSHFWLRQ WKH FDPHUD GRHV QRW PRYH LQ D FOHDQ YHUWLFDO PRWLRQ DQG RIWHQ VXIIHUV IURP XQGHVLUDEOH
URWDWLRQWZLVWLQJ DV LW LV UDLVHG DQG ORZHUHG ZLWKLQ WKH FKDQQHO LQ DGGLWLRQ WR DEUXSW WUDQVLHQW PRWLRQ
FDXVHGE\ WKHZKHHOVRI WKH LQVSHFWLRQ WRROHQWHULQJEULFN LQWHUIDFHVRU VWUXFWXUDOGHIHFWV$GGLWLRQDOO\
WKHFDPHUDPD\EHVWRSSHGIRUIXUWKHULQVSHFWLRQRIDGHIHFWZKLFKIXUWKHUGLVUXSWVWKHNQRZOHGJHEDVHG
DSSURDFK %\ GHSOR\LQJ D FRQVWUDLQHG PDWFKLQJ SURFHVV ZKLFK RQO\ VHDUFKHV ZLWKLQ D SUHGHILQHG
ZLQGRZ WKH IHDWXUH PDWFKLQJ SURFHVV ZLOO VXIIHU IURP DQ DFFXPXODWLYH GULIW RYHU WLPH DQG UHVXOW LQ
PLVPDWFKLQJEHWZHHQXQLIRUPIHDWXUHGHVFULSWRUVGXHWRWKHLQFRQVLVWHQF\RIULJLGERG\PRWLRQ
 2SWLFDO)ORZ
'XH WR WKH XQLIRUPLW\ RI WKH PDMRULW\ RI WKH FKDQQHO LQWHULRU DQG WKH LUUHJXODU PRYHPHQW RI WKH
FDPHUDIHDWXUHEDVHGDSSURDFKHVDORQHDUHXQVXLWDEOH7R WU\DQGLPSURYHIHDWXUHPDWFKLQJWKHXVHRI
WKH6,)7 IHDWXUH GHVFULSWRU >@ LV K\EULGL]HGZLWK DPRWLRQHVWLPDWLRQ WHFKQLTXH FDOOHG RSWLFDO IORZ WR
DVVLVW WKH IHDWXUHH[WUDFWLRQSURFHVV >@2SWLFDO IORZ LVDQ LPDJHSURFHVVLQJ WHFKQLTXHZKLFKDLPV WR
FKDUDFWHULVHWKHG\QDPLFVRIWKHSHUFHLYHGVFHQHEHWZHHQFRQWLJXRXVO\FDSWXUHGLPDJHIUDPHVDQGJLYHV
DQHVWLPDWLRQRI WKHPRWLRQRIHYHU\SL[HO LQDGLUHFW IDVKLRQEHWZHHQVXEVHTXHQW LPDJH IUDPHV LQ WKH
IRUP RI D GLVSODFHPHQW ILHOG 6LQFH WKH PRWLRQ RI WKH LQVSHFWLRQ WRRO LV UHODWLYHO\ LQFRQVLVWHQW DQG
WKHUHIRUHXQNQRZQ EHWZHHQ HDFK IUDPH RSWLFDO IORZ SURYHV DGYDQWDJHRXV VLQFH LW SURGXFHV D YHORFLW\
YDOXH IRU HDFK SL[HO ZKLFK DOORZV LW WR FDSWXUH QRW RQO\ EDVLF ULJLG WUDQVODWLRQ EXW DOVR DIILQH PRWLRQ
FDXVHG E\ WKH FDPHUD WZLVWLQJ 7R SHUIRUP RSWLFDO IORZ WKH :HGHO HW DO LPSOHPHQWDWLRQ RI WKH 'XDO
7RWDO9DULDWLRQܮ ? QRUP 'XDO79ܮଵ DOJRULWKP >@ZDV VHOHFWHGSDUWLFXODUO\ IRU LWV DELOLW\ WRKDQGOH
FKDQJHV LQ LOOXPLQDWLRQEHWZHHQ IUDPHV LQ DGGLWLRQ WR WKHXVHRI DGGLWLRQDO ILOWHULQJ WR VXSSUHVV QRLVH
7KLVFRPHVDWWKHH[SHQVHRIFRPSXWDWLRQZLWKLWWDNLQJDSSUR[LPDWHO\VHFRQGVIRUHYHU\IUDPHXVLQJ
DQ ,QWHO L SURFHVVRU DQG*% RI 5$0 EXW ZLWK DQ *38 LPSOHPHQWDWLRQ WKLV SURFHVV LV DFFHOHUDWHG
GUDPDWLFDOO\WRQHDUUHDOWLPHSHUIRUPDQFH
$IWHUWKH'XDO79ܮଵRSWLFDOIORZDOJRULWKPLVDSSOLHGWKHVWDWLVWLFDOPRGHPHDQDQGPHGLDQRIWKH







DQG D KRUL]RQWDO VKLIW RI DSSUR[LPDWHO\  SL[HOV UHODWLYH WR WKH VWDUWLQJ IUDPH &RQVLGHULQJ YHUWLFDO
GLVSODFHPHQWWKHPRGHLVYHU\DFFXUDWHZLWKWKHFXPXODWLYHYHUWLFDOGLVSODFHPHQWRISL[HOVH[DFWO\
&RQYHUVHO\WKHPHGLDQRIWKHHVWLPDWHGFXPXODWLYHKRUL]RQWDOGLVSODFHPHQWSURGXFHVWKHPRVWDFFXUDWH














7KH VHFRQG VWDJH LV XVHG WR DSSO\ ILOWHULQJ WR WKH LPDJH DQG WKLV LV GULYHQ E\ WKH IDFW WKDW WKH XVH RI
VLPLODULW\ PHDVXUHV LV RIWHQ KDPSHUHG E\ QRLVH 7R ILOWHU RXW QRLVH DQG VXSSUHVV WKH FKDQJHV LQ
LOOXPLQDWLRQDQൈDYHUDJLQJ ILOWHU LV ILUVW DSSOLHG WRERWKFRPSDUHG LPDJHV$IWHUZDUGV=1&& LV
DSSOLHGXVLQJWKHIROORZLQJHTXDWLRQ

)LJXUH   (VWLPDWHGFXPXODWLYH PRGDO PHDQDQG PHGLDQGLVSODFHPHQW XVLQJ WKH 'XDO79ࡸ૚ RSWLFDO
IORZDOJRULWKPLQHDFKDVVHVVHGIUDPH
13,&	+0,76DQ)UDQFLVFR&$-XQH 
 ܼܰܥܥሺݑǡ ݒሻ ൌ  ෌ ൣ୍ሺ௫ǡ௬ሻିூҧೠǡೡ൧ሾ௧ሺ௫ି௨ǡ௬ି௩ሻି௧ҧሿೣǡ೤ቄ ? ൣூሺ௫ǡ௬ሻି ҧ୍ೠǡೡ൧మ  ? ሾ௧ሺ௫ି௨ǡ௬ି௩ሻି௧ҧሿమೣǡ೤ೣǡ೤ ቅబǤఱ א ሾെ ?ǡ ?ሿ 

ZKHUHݐLVWKHWHPSODWHZKLFKZLOOEHVHDUFKHGLQWKHLPDJHܫDQGܫ௨ǡ௩തതതതLVWKHPHDQRIWKHUHJLRQDVVHVVHGE\ WKH WHPSODWH 7KH WHPSODWH LV IRUPHG E\ WUXQFDWLQJ D UHJLRQ DURXQG HDFK GHWHFWHG 6,)7 IHDWXUH
ORFDWLRQ  7ZR GLIIHUHQW IRUPV RI H[SHULPHQWDWLRQ ZHUH FDUULHG RXW XVLQJ =1&& WR GHWHUPLQH WKH
VLPLODULW\3ULPDULO\WKHPRVWFRPPRQIRUPRI=1&&ZKLFKLVXVLQJWKHWHPSODWHݐWRVHDUFKWKHHQWLUHW\
RIܫ௜ DQGVHFRQGO\DFRQVWUDLQHGUDGLDOVHDUFKZDV LPSOHPHQWHGDURXQGWKHHVWLPDWHG IHDWXUH ORFDWLRQDFTXLUHGE\6,)7LQWKHSUHYLRXVLPDJHZLWKDSUHGHILQHGUDGLXVZLWKDVKLIWHVWLPDWHGXVLQJWKH'XDO
79ܮଵ DOJRULWKP%\GRLQJ WKLVZHHIIHFWLYHO\FRPELQH WKHXVHRIPRWLRQHVWLPDWLRQDQGVLPLODULW\ WR
IXUWKHU VWUHQJWKHQ WKH IHDWXUH PDWFKLQJ SURFHVV 7KH UHVXOWV RI WKLV FDQ EH VHHQ LQ )LJD DQG )LJE
UHVSHFWLYHO\
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WH[WXUH UHJDUGOHVV RI WKH WHFKQLTXH XVHG7KHUHIRUH E\ FRQVWUDLQLQJ WKH VHDUFKZLWKLQ D UDGLXV GHILQHG
XVLQJ PRWLRQ HVWLPDWLRQ D PD[LPXP LV PRUH OLNHO\ WR EH REWDLQHG XVLQJ VLPLODULW\ PHWKRGV VXFK DV
=1&&DVVHHQLQ)LJEDQGSURYLGHVDPRUHDFFXUDWHPHDQVRIPDWFKLQJVLQFHWKHVHDUFKUHJLRQVDUH
ORFDOL]HG %\ GHSOR\LQJ D FRQVWUDLQHG DSSURDFK ZKLFK FRPELQHV PXOWLSOH PHWKRGV WKH QXPEHU RI
PDWFKHVDUHYDVWO\UHGXFHGDVDUHVXOWRIORFDOL]LQJWKHIHDWXUHPDWFKLQJSURFHVVKRZHYHUWKHDFFXUDF\RI






&XUUHQW RSHQ DQG FORVHG VRXUFH VROXWLRQV FDQQRW UHFRQVWUXFW IXHO FKDQQHOV XVLQJ IXOO RULHQWDWLRQ
VFDQV RI WKH IXHO FKDQQHO RU EH DEOH WR FRPELQH WKHP ZLWKRXW D SULRUL NQRZOHGJH GXH WR WKH LQKHUHQW
VLPLODULW\ EHWZHHQ EULFN OD\HUV 7KHUHIRUH ZRUN ZLOO EH LQVWLJDWHG LQWR SHUIRUPLQJ VSDUVH DQG GHQVH
UHFRQVWUXFWLRQVXVLQJDEHVSRNHDSSURDFK7KHIHDWXUHH[WUDFWLRQDQGPDWFKLQJPHFKDQLVPVH[SODLQHGLQ
WKLVSDSHUZLOOEHGHSOR\HGZLWKLQWKHUHFRQVWUXFWLRQIUDPHZRUNWRLPSURYHWKHWULDQJXODWLRQRI'SRLQW
ORFDWLRQV DFFXUDWHO\ DQG ZLWK SUHFLVLRQ IURP WKH ' FRUUHVSRQGHQFHV 2WKHU IXWXUH ZRUN ZLOO EH WKH






FRUUHVSRQGHQFH PDWFKLQJ ZLWKLQ FRQVWUDLQHG QRQGHVFULSW HQYLURQPHQWV ([SHULPHQWDO ZRUN ZDV
SUHVHQWHG DQG WKH GLIIHUHQW PHWKRGV RI DVVLVWLQJ WKH IHDWXUH FRUUHVSRQGHQFH VHDUFK ZDV SURSRVHG7KH
LQLWLDO UHVXOWV DUH SURPLVLQJ DQG LPSURYH WKH UREXVWQHVV RI WKH IHDWXUH PDWFKLQJ SURFHVV XVLQJ D
FRPELQDWLRQRILQGLUHFWPHWKRGVDQGGLUHFWPHWKRGVDW WKHH[SHQVHRIPRUHFRPSXWDWLRQ ,Q WKHIXWXUH
WKH UHFRQVWUXFWLRQ VWDJH ZLOO EH EXLOW IURP WKH JURXQG XS WR DFFRXQW IRU WKH LVVXHV LQWURGXFHG E\
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